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Content:
1. The development of high-resolution IXS a t the ESRF (ID18):
monochromators and methods
2. An example of application of the high-resol ution IXS
to glass dynamics
3. Scientific cases in glass dynamics for high-resolution IXS.

4. Summary
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Nuclear Resonance Scattering:
(resonant scattering of x rays by nuclei with low e nergy (10-100 keV) nuclear transitions)

It requires ~meV monochromatization for:

(i) measurements of time spectra of nuclear scatter  ing (to decrease load on detector)
(i) measurements of density of vibrational states (for good energy resolution)

Energy Isotope Resolution design
[keV] [meV]

14.413 S'Fe 6.4 nested

14.413 S'Fe 3.1 nested

14.413 S'Fe 1.8 in-line

14.413 S'Fe 0.5 in-line

22.502 149Sm 0.76 nested

21.542 ISRy 1.6 nested

23.879 19Sn 0.65 nested

25.651 161Dy 0.9 nested

27.890 28] 1.0 nested

35.493 125Te 1.1 backscattering
37.1298 121Sh 1.2 backscattering
39.5821 129X e 1.4 backscattering
67.41 6IN; 120 nested

68.752 3Ge 24 nested
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M O n OC h ro m ato rS turopean Synchrotron Radiation Facility
Double In-line monochromator for E=14.413 keV:
AE =~0.5meV, R =~40%, flux=0.9 x 10 ph/s
AE=~1.8meV, R=-~50%, flux= 4 x 10 ph/s

time to change monochromators. 25 sec
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In-line monochromator with the bandwidth of ~ 0.5 meV
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“Focusing” monochromator: V.Kohn, ac, R.Ruffer, JSR®6 (2009) 635
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Nuclear Resonance analysis of IXS: acetal, PRL76 (1996) 4258

IXS with crystal analyzers: IXS with nuclear r esonance filter:
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Energy (meV)
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additional
vibrational states? \

4 N
At low temperatures,

heat capacity for glasses

Is larger than for crystals -
(. J

.C.Zeller et al., PRB 4,2029,1971

Debye: ~ T3
I ) TZrnpemi:Aore. °K . ” =

FIG. 4. Spacific heat of vitreous Si0, and erystal
quartz, platted as C,T%ve 7. A: 1. R. Vitreosil (Ref.

DOS g (E) : 29); B: vitreous sllica (after Refs. 30—32); C: «-quartz
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Title: Supercooled liquids and glasses

Althors) Ediger, MD; Angell, CA Magel, SR

Source, JOURNAL OF PHYSICAL CHEMISTRY Volume: 100 I1ssue: 31 Pages 13200-13212 DO
Times Cited: 1,230 (from All Databases)

=+ Full Text | | @ View abstract |

Title: Jamming at 2ero temperature and zere applied stress: The apitome of disorder
Authariz) QHem, CTF; Silben, LE; Liu, AJ; et 3l
Source, PHYSICAL REVIEWE Volumg: 68 Issue; 1
Times Cilad: 454 (frarm &l Databases)

=+ Full Text | | @ View abstract |

Aticle Mumzer, 011306 DO 10.1103PhysRa

Title: A thermodynamic connection to the fragility of glassforming liquids
Author(s) Marinez, LM, Angell, CA
Source: NATURE YVolume: 410 Issue 6329 Pages: 663.667 DOL 10.1038/35070517 Published:
Times Cited: 31F (from &l Datapases)
= Full Texn | | E View abstract |
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Aleksandr Chumakov, Giulio Monaco, Aldo Fontana, Alexey Bosak,
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Michael Krisch, Rudolf Ruffer,
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ambient glass densified glass

=
amorphous amorphous

a-cristobalite a-quartz coesite

trigonal monoclinic
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‘ Experimental method: Inelastic X-ray scattering (two methods)
with crystal analyzers: with nuclear resonance analysis:
(momentum-differentiated approach) (momentum-integrated approach)
/ Bosak & Krisch , 2005 ac et al, 1996
E =23.7,17.8 keV E = 14.4 keV
A
_JJ ID28 A
Y — ID18
AE = 1.4 meV or 3 meV AE = 0.7 meV
0Q =0.03nm1, AQ=[1-7]nm1 AQ =[3-14] nm 1

‘ Comparison of the data sets from two_methods

‘ Comparison to ab initio calculations

. Comparison to heat capacity measurements

. Comparison to neutron data
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g(E) (10° mev™)

g(E) (10° meV™)

nuclear resonance analysis

crystal analyzers
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IXS, crystal analyzers

ab-initio calculations
convoluted
with instrumental function

g(E) (10° mev™ g(E) (10° mev™

g(E) (10° meVv™)

Comparison to theory :

turopean Synchrotron Radiation Facility
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4l a-cristobalite |
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g(E) (10°meVv ™)

g(E)/E* (10" meV ®)
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Quantitative analysis :

ambient glass
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a-quartz

excess states:
6.6(4)%

all states:
11.5(7)%

20

10
Energy (meV)
9 atoms
in unit cell

Energy (meV)
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Typlcal gIaSS VS typlcal CryStal: European Synchrotron Radiation facility
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g(E)/E* (10 meV )
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ambient glass

é p=2.20 g/cc
A

E & ol

M &

[))

5 10 15 20
Energy (meV)

densified glaés
p=2.67glcc

5 10 15 20
Energy (meV)

DOS, reduced DOS
and heat capacity

low -density glass
versus
high -density crystal

disorder effect
plus
density effect

depend also on density :

The European Light Source NSLS-II Early Experiment Workshop:

® qa-cristobalite

—~ 4 ;% p=2.29 glcc 1

) O

3 | e

€ o9

b ®

22 5@

wo| ® %

(M)

>

0 ; —

5 10 15 20
Energy (meV)

_ a-quartz

>4 p=265glcc

€

=

g

W 2

(M)

>

0

0 5 10 15 20
Energy (meV)

coesite
p=2.93¢gl/cc

g(E)/E® (10 meV ?)

0 5 10 15 20
Energy (meV)

IXS Focused Session, Brookhaven, 01.10.2013 slide: 21



_ ambient glass
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ambient glass
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a

How disorder
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Are there any unusual soft modes at lower e

What is that?

onset of instability?
anharmonic effects?
Does reduced DOS

go to the Debye level?
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What is the origin of quasi-elastic scattering  ?

B.Fricket al, PRB47 (1993) 14795

ST o relaxation?
1073 =i |
= "["""“2;2:“’“9 : vibrations?

Bose-scaled spectra

units)

] A.P.Sokolowet al, PRB57 (1997) 5042

. + Tg+ 100K N
= x Tg+ 80K |
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(=) %5 vTg- 20K . -
) % ITg~ 40K =
£% o oo i =
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T
=
—
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=
. *12K ] WM _orr 4000
- 7 10— ‘ T
14} 1000
0 ‘ ' L | I 3 i ! [ 1 il ! | ' L
2 i) 2 4 o/2n |GHz]
energy (meV) KI5, 3. 'lhe Raman spectra of PB at different femparatures
FIG. 6. Dynamic structure factor $(Q,w) of PIB corrected (symbols) and results of the fit (lines). The inset shows the Raman
for Debye-Waller factor and Bose factor as measured on ING, susceptibility spectra and the arrows show the shift of {1, , with
ILL. The measured curves are presented for 7=200 K, the t .
o emperature.
glass-transition temperature of PIB, as a reference temperature.
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Can we directly observe dynamical heterogeneit ies?

H.Tanakaet al, Nmat 9 (2010) 324

can we

see this?

055 0.z
{ oA -
iy 1 Ar ) e,

Figura 1| Structural arder in glass-formingliquids. a, Spatial distribition of ¥ far 2NPC with Asxppe = 3% af ¢ = 0.740. See Supplementary Viden 51 for
dwnamical fluctuations of ¥y, b, Spatial distribution of &2 for the same systemn esin a. ¢, Spatial distributicn of the mean-square d splacement {Ar?) over

t =101, for tha same system asina. d, Spatial distribution of the local structural entropy s, which is averaged over 107, e, Spatial distribution cf the mean
square displacement (Ardi over 101y, {Ar (121500 £, Soatial distrisution of Qg for 3BDPC with Aqper = 6% at ¢ =0.557. Here, less-ordered particlesare
not shown for clarity. Sae zlso Supplementary Fig. 31a,b for 2DGL and 2D5L, recpectvaly.
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Why “slow” viscosity correlates with fast ato mic vibrations?

L.-M.Martivez and C.A.Angell, Naturd10 (2001) 663 T.Scopignaet al, Science802 (2003) 849
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S u m m ary turopean Synchrotron Radiation Facility

Your users are waiting for
Yy 0.1 meV energy resolution ...

The European Llight Source




Time tO StOp NOW... European Synchrotron Radiation Facility

your attention
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